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OPTICAL FIBRE SUBSCRIBER NETWORK 

The present invention relates to an optical fibre 
subscriber network, and in particular, to a WDM 
5 (wavelength division multiplexing) optical fibre 
subscriber network with an increased number of the 
subscribers . 

Background to the Invention 

10 

As high speed data communication and video communication 
services progress along with the development of an 
information-oriented society, there have been demands for 
a wideband communication network capable of providing 
15 communication services mentioned above as well as the 
conventional voice communication service. To realise a 
wideband communication network, it is important to build 
an optical fibre subscriber network, 

20 A WDM (wavelength ' division multiplexing) optical fibre 
subscriber network is widely used because the 
transmission capacity is increased without increasing the 
transmission speed of each wavelength. Reference will be 
made to the conventional WDM optical fibre subscriber 

2 5 networks, as shown in FIGs. 1 to 3 . 

Referring to FIG. 1, a first conventional WDM optical 
fibre subscriber network includes N subscriber devices 
Sl-SN each having an optical transmitter 2 and an optical 
30 receiver 4, and a star coupler 6 for star- coupl ing the 
subscriber devices Sl-SN. In operation, the optical 
transmitters 2 in the respective subscriber devices Sl-SN 
each output optical signals of a corresponding wavelength 



J^-X* through optical transmission lines (i.e. optical 
fibres) connected to the star coupler 6. The star 
coupler 6 then couples the received optical signals and 
distributes the coupled signals to the optical 
transmission lines connected the optical receivers 4 in 
the respective subscriber devices Sl-SN. Here, the 
optical receivers 4 each have a wavelength selection 
filter for selectively passing the optical signal of a 
specific wavelength, unique to that subscriber. 

Referring to FIG. 2, a second conventional PPL-type 
(Passive Photonic Loop type) WDM optical fibre subscriber 
network combines and distributes N wavelengths by using 
WDM multiplexers 102 and 1.16 and WDM demultiplexers 104 
and 114 and then connects the wavelengths to the 
respective subscriber devices Sl-SN. ■ 

As to the configuration, a central office 100 consists of 
N optical transmitters 106 for transmitting optical 
signals of the wavelengths K~K. a WDM multiplexer 102 for 
multiplexing (combining-) the optical signals output from 
the optical transmitters 106 and transmitting the 
multiplexed optical signals via an optical transmission- 
line (i.e. optical fibre) 108. The central office 100 
further comprises a WDM demultiplexer .104 for 
demultiplexing the optical signals of . wavelengths 
transmitted upward from the subscriber side through an 
optical transmission line 110, and M optical receivers 
112 for receiving the optical Signals distributed 
(demultiplexed) by the WDM demultiplexer 104. 



The subscriber side, consisting of a WDM demultiplexer 
114 and a WDM multiplexer 116 which are shared by N 
subscribers, is connected, to the central office 100 via 
the optical transmission lines 108 and 110. The WDM 
demultiplexer 114 in the subscriber side distributes each 
of the optical signals of wavelengths received 
through the optical transmission line 108 to the 
respective subscriber device Sl-SN. The WDM multiplexer 
116 combines (multiplexes) optical signals of wavelengths 
A., -A* transmitted upward from the subscriber devices Sl-SN 
and transmits the combined signals to the central 100 via 
the optical transmission line 110. 

In downward transmission of the optical signals (from the 
central office 100 to the subscriber side) , the optical 
transmitters 106 of the central office 100 convert the 
electric signals output from the electronic circuit 118 
to optical signals of corresponding wavelengths A^-^,, and 
the WDM multiplexer 102 combines the optical signals 
output from the optical transmitters 106 and transmits 
the combined optical signals to the WDM demultiplexer 114 
through the downward optical transmission line 108. The 
WDM demultiplexer 114 then distributes the received 
optical signals of the wavelengths X^K to the respective 
subscriber devices Sl-SN. 

In upward transmission of the optical signals (from the 
subscriber side to the central office 100), the 
subscriber devices Sl-SN transmit optical signals ci the 
wavelengths A,-/^, and the WDM multiplexer 116 combines 
the optical signals output from the subscriber devices 



Sl-SN and transmits the combined optical signals to the 
WDM demultiplexer 104 through the upward optical 
transmission line 110. The WDM demultiplexer 104 then 
distributes the optical signals of wavelengths to 
the corresponding optical receivers 112, which convert 
the received optical signals to electric signals and 
output the converted electric signals to the electronic 
circuit 118 . 

Referring to FIG. 3, a third conventional WDM optical 
fibre subscriber network uses different wavelengths 
according to the types of the distributive services. 
Further, respective subscribers use different wavelengths 
for the upward/downward communicative services, so as to 
use the limited number of the optical wavelengths 
efficiently. 

In operation, the downward signals (transmitted from the 
base station 100 to the subscriber side 320) are used -for 
both distribution services (e.g. CATV. (Cable TV)) and 
communication services (e.g. B-ISDN (Broadband- Integrated 
Services Digital Network) ) , whereas the upward signals 
(transmitted from the subscriber side 320 to the central 
office 100) are used for the communication services only. 
The downward distributive service branches (divides) the 
downward signals into N signals using a single wavelength 
X. 0 and transmits the branched signals through N optical 
transmission lines. The downward communicative service 
(B-ISDN) allocates N unique wavelengths, one to each 
respective subscriber device, and the upward 
communicative service (B-ISDN) also allocates N unique 



wavelength, one to each respective subscriber device. 
Therefore, it is necessary to' secure (2N+1) wavelengths 
in order to accommodate N subscribers. 

Specifically, the downward distribution service transmits 
the downward signal for a subscriber device SI through an 
optical fibre 331 using the single wavelength k c and the 
downward communication service transmits the downward 
signal for subscriber SI through an optical fibre 332 
using a corresponding wavelength A, x . . The wavelength ^ 
output from a WDM multiplexer/demultiplexer 312 
associated with subscriber SI is combined with the 
wavelength A 0 received through the optical fibre 331 in a 
WDM multiplexer/demultiplexer 311, and the combined 
wavelength is transmitted to the subscriber device SI 

through an optical fibre 341. The combined wavelength is 
demultiplexed into the wavelengths X 0 and X,, by a WDM 
multiplexer/demultiplexer 321 in the subscriber 'device 
SI. Subsequently, the wavelength A. 0 is converted' to an 
electric signal in an optoelectric converter 322 and 
transmitted to a TV set, and the wavelength X 1 is 
converted to an electric signal in an optoelectric 
converter 323 and transmitted to a B-ISDN terminal. 

On the other hand, in the upward communication service, 
an optoelectric converter 324 converts the electric 
signal from the B-ISDN terminal to an optical signal 353, 
and the WDM multiplexer/ demultiplexer 321 upward 
transmits the converted optical signal through the- 
optical fibre 341 at a wavelength A^. , specific to 
subscriber SI. The signal on the optical fibre 341 is 



transacted to an optical fibre 33* through the WDM 
multiplexer/ demultiplexer 311 and then, transmitted to 
the central office through the WDM multiplexer/ 
demultiplexer 312 on an optical fibre 333. In the same 
manner, the other, subscriber devices S2-SN in the 
subscriber side 320 use two unique wavelengths for 
communication services, and the single wavelength », for 
distribution services. 

Since the conventional optical fibre subscriber networks 
mentioned above employ high density wavelength division 
multiplexing which uses more than three wavelengths, rt 
is necessary to use wavelength variable filters or WDM 
multiplexers/ demultiplexers which require precise 
manufacturing technology. Therefore, in building many 
subscriber networks, there arises a safety problem and a 
cost problem. In particular, there is a limitation in 
expanding the new subscribers or increasing the 
communication speed. 



Summary o 



f tiie Invention 



The inventron preferably provides a method of wavelength 
division multiplex communication of a number of signals 
wherein a number (N) of common wavelengths are used m 
the multiplexing, information destined for a plurality or 
subscribers is transmitted on each common waveiength; 
each subscriber receives one or more of a ..l.rt.i sub- 
set (Q) o£ the number (N) of common wavelengths .-u - 
the multiplexing; and appropriate bandwidth of 
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wavelength is allocated to each subscriber communicating 
on that wavelength. 

Preferably, the subset of common wavelengths of each 
subscriber is allocated by providing each subscriber 
device with a corresponding plurality (Q) of fixed 
wavelength filters, each corresponding to one common 
wavelength of the wavelengths used in the multiplexing. 

Preferably, the bandwidth is allocated to each' subscriber 
on receipt of a service request. 

Preferably, the selected subset for each subscriber is 
different from selected subsets for other subscribers. ' 

Preferably, the selected subset for each subscriber is 
unique to that subscriber. 

Preferably, the method further comprises the steps of: 

- transmitting a. service request signal from a 
subscriber to an exchange; 

in the exchange, examining one wavelength of the 
sub-set of wavelengths corresponding to the subscriber, 
to determine the available bandwidth; and 

the available bandwidth in the examined 
wavelength is sufficient to accommodate the requested 
service, allocating, in the exchange, a corresponding 
bandwidth in that wavelength, to the subscriber for 
provision of the requested service. 

Such a method preferably further comprises the steps of: 



25 . if 



i£ . the mailable bandwidth in the examined 
wavelength i. insufficient to accomodate the revested 



service , 



Ce .' in the exchange, examining a further wavelength of 
s tn e sub-set of wavelengths corresponding to the 
bscriber to determine the available bandwidth; and 
3 i£ the available bandwidth, in the further — 

Kh is sufficient to accomodate the revested 
waveiength s s a corresponding 

servlce , allocating. subsc riber for the 

10 bandwidth in that wavelength, 

provision of the requested service. 

£, t-v,^ wavelengths of the 
xn such a method, if none of h ^ ^ 
subset of wavelengths contains ,uf - 
, _ the requested service, 

•• 1V if none of the subset of wavelengths has 

Al ternatxvely, already being provided on 
sufficient bandwidth, servic ^rznved to collect 

, subset of wavelengths may be re-arranged 
2 0 the subset <->i- more of the 

■ r,f available bandwidth onto one or more o 
sufficient availab colle cted available 

Qllbse t of wavelengths, and tne 

^ ^ to the subscriber, for 

bandwidth may be allocated to 

provision of the service. 

25 ... of the invention, if none of the 

xn an ^ rf wavelengCh s contains 

wavelengths of the requ ested 

v. j„i^h to accommodate tne t h 

sufficient bandwidth to 



serv.ce, the revested service is not provided 
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Preferably, the wavelengths are optical wavelengths, and 
the communication takes place .over an optical fibre 
subscriber network. 



The present invention also provides a subscriber device 
arranged so as to receive one or more of a specific 
subset of wavelengths, each of the specific wavelengths 
of the subset for the subscriber device remaining fixed, 
and being chosen from a total number (N) of wavelengths 
and each subscriber device being arranged to communicate 
over any one or more of the subset of wavelengths. 

Preferably, the subset of wavelengths are chosen for each 
subscriber device such that different subscriber devices 
have a different combination of wavelengths in their 
respective subset, wherein more than one subscriber 
device is arranged to receive a certain common 
wavelength . 

Preferably, the subscriber device is arranged to receive 
the subset of common wavelengths by providing a 
corresponding plurality (Q)" of fixed wavelength filters, 
each corresponding to one common wavelength of the 
wavelengths used in the multiplexing. 

The present invention preferably also provides a 
communications network comprising a plurality of optical 
subscriber devices as described, wherein e^ch optical 
subscriber device is arranged to transmit service 
requests to a controller, and is. further arranged to 
communicate over any one or more of the subset of 



nAHfirAfion of allocation of 
wavelengths, upon notification 



corre 



sponding bandwidth on the one or -ore wavelengths) . 

I» such a communications network, the subset for eaoh 
subscriber device is preferably different from subsets 
for other subscriber devices. Each subscriber device is 
ra ore preferably arranged so as to receive a unique subset 

of wavelengths. 

The maximum number (Q. of wavelengths in each subset is 
preferably one half the total number (N) of wavelengths 
available in the system, to the nearest integer. 

A communications network according to the present 
invention preferably further comprises a central office 

_ *-3 rprP1 ve information over a 
arranged to: transmit and receive 

number (N) of wavelengths, receive service requests from 
individual subscriber devices; determine which of the 
wavelengths are comprised within the subset of 
wavelengths for that subscriber, assign bandwidth 
required for the requested service on one or more of the 
'subset of wavelengths for that subscriber; inform the 
subscriber device accordingly; and to provide the 
requested service on the allocated bandwidth. 



Preferably, the communications network is arranged such 
that if none of the subset of wavelengths has sufficient 
bandwidth, services already being provided on the subset 
of wavelengths are re-arranged to collect sufficient 
available bandwidth onto one or more of the subset of 
wavelengths. and allocating the collected available 



bandwidth to the subscriber, for provision of the 
service. 



Alternatively, the communications network may be arranged 
such that, if none of the wavelengths of the subset of 
wavelengths contains sufficient bandwidth to accommodate 
the requested service, the requested service is not 
provided. 

The wavelengths are preferably optical wavelengths, and 
the communication preferably takes place over an optical 
fibre subscriber network. 

Accordingly, the invention provides an optical fibre 
subscriber network including a central office . for 
allocating a unique, combination of optical wavelengths to 
a subscriber upon receipt of a service request signal 
from the subscriber, WDM multiplexing service requested 
information together with the combined optical 
wavelength, and transmitting the WDM multiplexed optical 
wavelength through an optical fibre; and a plurality of 
optical subscriber devices for optically distributing, 
filtering and combining the WDM multiplexed optical 
signals received through the optical fibre to select 
optical wavelengths allocated thereto and outputting the 
selected optical wavelengths to corresponding subscriber 
terminals . 

Preferably, the central office includes an exchange for 
allocating a combination of the wavelengths to a 
subscriber upon receipt of the service request signal 



from the subscriber; a plurality of optical transmitters 
for converting electric signals output from the exchange 
to optical signals of unique wavelengths; a WDM 
multiplexer for multiplexing the optical signals output 
from the optical transmitters and transmitting the 
multiplexed optical signals to the optical fibre; and an 
optical amplifier for amplifying the output of the WDM 
multiplexer to compensate for transmission loss of the 
multiplexed optical signals being transmitted to the 
subscriber through the optical fibre. 

Preferably, the optical subscriber device includes an 
optical distributor for distributing the WDM multiplexed 
optical signals received through an incoming optical 
fibre to Q internal optical fibres; a fixed optical 
filter for filtering a wavelength group allocated thereto 
out of the WDM multiplexed optical signals to receive an 
optical wavelength group pre-allocated in the central 
office; an optical receiver module connected to an output 
of the fixed optical filter, for converting the optical 
signals output from the fixed optical filter to electric 
signals; a concentrator for switching and concentrating 
an output of the optical receiver module to multimedia 
terminals connected to output ports of the optical 
subscriber device; and an electronic signal converter for 
converting an output of the concentrator so as to connect 
the multimedia terminals to the concentrator. 

Further, the optical fibre subscriber network includes a 
plurality of optical distributors placed on the optical 
fibre intervening between the central office and the 



optical subscriber devices, for distributing the optical 
signals -output from the central office according to 
construction of a service requested network. 

Further, the optical fibre subscriber device may include 
an optical amplifier placed on the optical fibre 
intervening between the central office and the optical 
subscriber devices, for compensating for distribution 
loss of the optical signals due to the optical 
distributors . 

Information is preferably carried on each of the 
wavelengths by an ATM (asynchronous transfer mode) or 
packet switch protocol. 

Preferably the present invention provides a WDM optical 
fibre subscriber network suitable for an expanded number 
of subscribers. 

Brief Description of the Drawings 

The present invention will now be described, by way of 
example only, with reference to. the accompanying drawings 
in which: 

FIG. 1 is a block diagram of a first conventional WDM 
optical fibre subscriber network; 

FIG. 2 is a block diagram of a second conventional WDM 
optical fibre subscriber network: 



a third conventional WDM 
FIG. 3 is a block diagram of a tnira 

optical fibre subscriber network; 

^-f ^ WDM optical fibre 

FIG 4 is a block diagram of a WDM P 

, ■ „ ro an embodiment of the 

subscriber network according to an e 

present invention; 

FIO s is a bloc, diagram of an optical subscriber device 
(424 , installed in the house of the subscriber according 
co an embodiment of the present intention; and 

*. ninsrratinq a central office 
WT r 6 is a flow chart illustrating 

for the respective optical wavelength 
a ilnratinq services tor cne j-^f 

allocating embodime nt of the present 

groups according to an 

invention. 

Detailed Prescription of the Drawings 

• rpfprence numerals 

in the accompanying " drawings like ref 

denote like elements. 

~ ^-f ^ WDM optical fibre 
FIG . 4 shows a block diagram of a WDM p 

j . t_ 0 an embodiment or trie 
subscriber network according to 

. _ . ^ PT ri 4 an optical riore 
present invention. Referring to P 
s subscriber network consists of a central office 4X0. a 
subscriber side 420 including P subscribers S1-SP. and 
suoscriuc rable 440 is an 

upward/downward optical fibre cable 440. Cable 

■ «-<„n oath for transmitting data between 
optical communication path tor 

th . central office «0 and the subscriber 
(0 „.„. , he upward/downward optical fibre cabie « has 
d istributors 422 and ,30 disposed at intervals upon it. 



The central office 410 preferably includes an ATM 
(Asynchronous Transfer Mode) exchange 412 which is 
commonly used in wideband communication networks. In ATM 
communications, bandwidth is allocated dynamically, on 
demand, rather than being permanently allocated to a 
particular subscriber. N optical transmitters 414-1 to 
414-N convert the electric signals output from the ATM 
exchange 412 to optical signals of unique wavelengths. A 
WDM multiplexer 416 multiplexes the optical signals 
output from the optical transmitters 414 and, transmits 
these through the optical fibre cable 440. An optical 
amplifier 418 may be included for amplifying the output 
optical signals of the WDM multiplexer 416 to compensate 
for the loss of the optical signals. Such loss may be 
caused by the optical fibre cable 440 and/or the 
distributors 422 and 430 during transmission of the 
optical signals to the subscriber side 420.; 

Further, the subscriber side 42 0 includes P optical 
subscriber devices Sl-SP, each arranged to respond to a 
number Q of wavelengths pre-allocated to that subscriber 
device. Information carried on the pre-allocated 
wavelengths may be transferred to a corresponding 
subscriber terminal. The detailed construction of the 
optical subscriber device for the first subscriber SI is 
illustrated (424) in FIG. 5, by way of example. 

FIG. 5 shows an optical subscriber device installable, 
for example, in the house of respective subscribers Sl-SP 
according to an aspect of the present invention. An 



optical distributor 502 distributes the WDM multiplexed 
optical signal received fro. th. central office 410 via 
an inching optical fibre 444-! to Q optical fibres 512-1 
to 512-Q. 



A fixed optical filter 504 consists of Q different fixed 
optical filtering elements. Each of the fixed optical 
filtering elements filters a corresponding wavelength out 
of the M wavelengths WDM multiplexed in the multiplexed 
optical signal. Each filtering element passes a 
corresponding one of the N wavelengths onto an optic 
fibre 514-1 to 514-Q. 

ta optical receiver module 506 receives the signals from 
the fixed optical filter 504 over optic fibres 514-1 to 
51 4-Q, and converts the received optical signals to 
electric signals. A concentrator 508 and an electronic 
signal converter 510 switch or concentrate the output of 
the optical receiver module 506 to multimedia terminals 
(e g a TV set, a telephone or facsimile, a video 
conference device, and a computer or worK station, 
connected to output ports of the optical subscriber 
device 424. Electronic signal converter 510 converts an 
output of the concentrator 508 so that it is suitable for 
multimedia terminals. 



t:he 



In the presently described embodiment, an ATM exchange or 
a packet switching exchange protocol is used :r 

concentrator 508. 



The electronic signal converter 510 uses a network 
connector for connecting the computer or the work 
station, a CODEC (Coder-DECoder).' for connecting the TV 
set and the video conference device, or a PBX (Private 
Branch Exchange) for connecting the telephone or the 
facsimile. 

in operation, the exchange 412 of the central office 410 
constantly checks whether a connection request signal is 
received from a subscriber. To accommodate a requested 
service, a corresponding bandwidth of one of the 
wavelengths must be allocated. If a connection request 
signal from a subscriber is detected, the exchange 412 
checks whether there is sufficient available bandwidth to 
allocate the corresponding subscriber, to provide the 
requested service. If the extra bandwidth is available, 
the exchange 412 notifies an internal service controller 
(known as a control layer) that it is possible to 
accommodate the requested service, and then updates a 
service allocation table. 

When it is decided to accommodate the requested service 
through a particular wavelength, the exchange 412 enables 
optical transmission modules of the optical transmitters 
414 to transmit the signals required for the requested 
service, on that particular wavelength. 

The optical signals, each having different wavelei.r'ns, 
transmitted from the optical transmitters 41, -. • e 
combined by the WDM multiplexer 416 • and trans::. r.ec 
through the optical fibre cable 440. It is not necessary 
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that the respective transmission modules for the 
respective wavelengths should have the same information 
transmission rate . 

To compensate for the distribution loss of the optical 
signals, the central office 410 may have an optical 
amplifier 418 at the final stage, if necessary. 

The WDM multiplexed optical signals output from the 
central office 410 are transmitted through the optical 
cable 440 and are distributed by the optical distributors 
43 0 and 422 according to the construction of the network. 
If necessary, the optical cable 440 may have further 
distributors, and the portion having the greater 
distribution loss may include a separate optical 
amplifier to compensate for the distribution loss. 

The multiplexed optical signal, having reached a 
corresponding subscriber device 424 through the 
distributors 430 and 422, is distributed by a 1XQ optical 
distributor 502, and filtered by the fixed optical filter 
504 consisting of Q optical filtering elements, each 
passing a specific wavelength. Each wavelength may be 
considered as functioning as an addresses of the physical 
layer (that is, equivalent to an address of an input 
port) . The filtered Q optical wavelengths are 

transmitted through Q optical fibres 514-1 to 514-Q to 
the optical receiver module 506, which converts the 
received optical signals to electric signals. Allocation 
of bandwidth on." a particular frequency directs the 



optical receiver module 506 to use the corresponding 
filter 514-1 as the incoming data source, 



Output signals of the optical receiver module 506 are 
transferred to the electronic signal converter 510 via 
the concentrator 508 which distributes, concentrates or 
switches the input signals suitable for the multimedia 
terminals. 

FIG. 6 shows a flow chart illustrating allocation of 
bandwidth for requested services in the respective 
optical wavelength groups according to the present 
invention, as carried out in the central office 410 of 
the optical fibre subscriber network. Reference 
character "j» denotes an identification number of a 
subscriber wavelength group (corresponding to one of 
subscribers Sl-SP) consisting of several (Q) different 
wavelengths. Reference character »i« denotes an 
identification- number of an individual optical wavelength 
within each respective subscriber wavelength group. ■ 

Referring to FIG. 6 , the exchange 412 (strictly speaking, 
a controller of the exchange 412) monitors the subscriber 
wavelength groups allocated to the subscribers Sl-SP , 
from the first (j = i) to the last (j=P), at prescribed 
periods, to check whether a new service request signal is 
received (steps 602-608). At 602, j is set equal to 1. At 
604, if no service request signal is detected, j is 
incremented at 606. At 608, if j is equal to, or greater 
■chan, P, the exchange returns to the start, at state 602. 
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If , is les s than P. . service re^, .ian.1 i- 
again at 6 04. 

-i . _ nrese nt at 604, step 610 
„ .. ^ce request - J" ^ exchange 

5 is ^.c^. «. « — _ ining bandwidth of each 

412 determines the avanacxe 

1 tlcal of the subscriber group ^ 

♦->,-. first optical wavelength U-D 
t « «f -i from the txrsu <~-f 
value of v It determines 

towards the last optical wavelength (x-Q) - I 
h t her the detected remaining bandwidth on each 
10 whether tne service 
^ i= wider than or equal to tne 
wavelength is wxd wave length 
requested bandwidth (steps 610-616), 
with sufficient remaining bandwidth is. identified. 

■feally ^e exchange 412 first determines the " 
15 Specifically, th wavelength 
mailable bandwidth of the first p 

avaxlable determines whether 

M-l) ^in steps 610 and 612. It tne 

- ned available bandwidth is wider than or equal 
the determined avaiidyic 

to the requested service bandwidth. 

20 whn the available bandwidth for any one of the 
When tne ava wider than 

subscriber optical wavelengths « equal, to «. 

„.„ service bandwidth. the exchange 412 
the requested service 

fhe requested bandwidth to provide the 
allocat es the requ subscrl ber . The 

25 requested - * ° ^ ^ ^ le 

SXChan ;:ib to aocdate the requested serv.ce and 
is possxble to optical 

allocation table of tne y 



updates a service 
wave 
30 602. 



updates a 

1 ,hs (steps 613-622), and then returns .o .n- step 
wavelengths iscepb, 



If the available bandwidth is narrower than the requested 
service bandwidth, the exchange 412 performs the same 
operation is steps 616 and 612, for the. next optical 
wavelength (i=i+l) . These steps are repeated, if 
necessary right through to the last optical wavelength 
(i=Q) . The available bandwidth is determined even for 
the last optical wavelength (i=Q) and if it is narrower 
than the service requested bandwidth, the exchange 412 
notifies the upper service control layer that it is 
impossible to accommodate the requested service (at step 
624) and then returns to the step 602, to re-commence the 
process . 

In conclusion, when N optical wavelengths are WDM 
multiplexed by the WDM multiplexer, the passive optical 
fibre subscriber network of the invention has a downward 
structure capable of providing connection service to P 
subscribers (where P>N) . That is, N WDM multiplexed 
wavelengths are transmitted to each subscriber through 
the multistage optical distributors 430 and 422. Then, in 
each subscriber device, the fixed -optical filter 504 
passes a certain, preferably unique, combination of Q 
subscriber wavelengths (where 1<Q<N) allocated to that 
subscriber. Accordingly, it is possible to increase the 
number of the connectable subscribers by allocating a 
combination of multiple subscriber wavelengths chosen 
from the N multiplexed wavelengths, rather than 
allocating one or more specific wavelength to .each 
subscriber. Here, the number of the connectable 
subscribers which may each have a unique combination of 
subscriber wavelengths is determined by 
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p _ c q = 11: »Af...(l) 

where P is the number of subscribers that may be 

5 connected and each have a unique combination of 

subscriber wavelengths, N is the total number of the 

optical wavelengths used by the system, and Q is the 

number of wavelengths allocated to each subscriber. It x. 

found that P has a maximum value when Q=N/2 (where N is 

\ ^ n-fN +/- l)/2 (where N is odd) . 
10 even), or Q-l^ +/ 

For example, whan S-16 and 0-4. the optical fibre 
subscriber network can accomodate P-1820 subscribers. In 
order to increase the number of the subscribers that can 
1S be allocated a unique combination of subscriber 
wavelengths, P may be increased by choosing an 
appropriate value of Q . Here, it is necessary to increase 
the number Q of subscriber wavelengths allocated to each 
subscriber, when 8 wavelengths are allocated to each 
20 subscriber (0-8). the number P of connectable subscribers 
becomes 12870, i.e. 161/(81.8.). Further, use of the 
optical fibre subscriber network of the present invention 
can reduce use of the high-priced devices necessary in 
conventional optical fibre subscriber networks, such as 
25 cne wavelength variable optical filter, the 
multiplexer/demultiplexer and the wavelength converter. 

»n existing subscriber requires high 

Further, when an exisuxny 

bandwidth services on the subscriber wavelengths, it is 
30 possible to reallocate the bandwidths on the subscriber 
wavelengths so as to allow the subscriber to use a 



wavelength with a higher transmission rate or to 
additionally allocate bandwidth or a further wavelength, 
in addition to the existing subscriber wavelengths. 

As described above, the optical fibre subscriber network 
of the invention is capable of supporting an increased 
number of connectable subscribers and reduces use of the 
wavelength variable optical filter or the WDM multiplexer 
which requires precise manufacturing technology, thereby 
contributing to the reduction in the cost of building 
optical fibre subscriber networks. In addition, when a 
certain subscriber requires an increase in communication 
capacity or speed, it is possible to easily enhance the 
quality of the services .by additionally allocating extra 
bandwidth within a subscriber wavelength, or allocating a 
high-speed wavelength to that subscriber. 
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CLAIMS : 
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15 



20 



1. A method of wavelength division multiplex 
communication of a number of signals wherein: 

- a number (N) of common wavelengths are used in the 

multiplexing , 

information destined for a plurality of 
subscribers is transmitted on each common wavelength; 

- each subscriber receives one or more of a selected 
sub- set (Q) of the number (N) of common wavelengths used 
in the multiplexing; and 

- appropriate bandwidth of the common wavelength is 
allocated to each subscriber communicating on that 
wavelength. 
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A method according to claim 1 wherein the subset of 
common wavelengths of each subscriber is allocated by 
providing each subscriber device with a corresponding 
plurality (Q) of fixed wavelength filters, each 
corresponding to one common wavelength of the wavelengths 
used in the multiplexing. 



3. A method according to any preceding claim wherein 
the bandwidth is allocated to each subscriber on receipt 

25 of a service request. 

4. A method according to any preceding claim wherein 
the selected sub-set for each subscriber is different 
from selected subsets for other subscribers. 

3 0 



5. A method according to any preceding claim wherein 
the selected subset for each subscriber is unique to that 
subscriber . 

6 . A method according to any preceding claim further 
comprising the steps of : 

transmitting a service request signal from a 
subscriber- to an exchange; 

- in the exchange, examining one wavelength of the 
sub-set of wavelengths corresponding to the subscriber, 
to determine the available bandwidth; and 

if the available bandwidth in the examined 
wavelength is sufficient to accommodate the requested 
service, allocating, in the exchange, a corresponding 
bandwidth in that wavelength, to the subscriber for the 
provision of the requested service. 

7. A method according to claim 6 further comprising the 
steps of: , 

if the available bandwidth in . the examined 
wavelength is insufficient to accommodate the requested 
sendee, 

- in the exchange, examining a further wavelength of 
the sub-set of wavelengths corresponding to the 
subscriber, to determine the available bandwidth; and 

- if the available bandwidth in the further examined 
wavelength is sufficient to accommodate the requested 
service, allocating, in the exchange, a corresponding 
bandwidth in that wavelength, to the subscriber for t he 
provision of the requested service. 
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t-o claim 7 wherein, if none of 
8 a method according to claim 

f t-vi*. subset of wavelengths contains 
the wavelengths of the subset 

v, ^w-idth to accommodate the requested 
sufficient bandwidth to a 

a high-speed wavelength is allocated to the 



service , 
5 requesting subscriber. 

9 A method according to ciaim 7 wherein, if none of 
the subset of wavelengths has sufficient bandwidth 

services already being provided on the ^ ^ 

-a mllect sufficient 

f , e ar . e re-arranged to collect 
10 wavelengths are i« .p 

available bandwidth onto one or .ore of the subset o 
wavelengths, and allocating the coveted available 
bandwidth to the subscriber, for proviso of 

service . 

10 A method according to claim 1 wherein, if none of 
the wavelengths of the subset of wavelengths contains 
sufficient bandwidth to accommodate the 
service, the requested service is not provided. ; 

xl A method of communication according to any preceding 

ar -i* ontical wavelengths, 
claim wherein the wavelengths are optic 

-^r, rakes place over an optical fibre 
and the communication takes P^^ 

subscriber network. 
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12 A method according to any preceding claim wherein 
information is carried on each of the wavelengths by an 
.asynchronous transfer mode, or pacKet switch 



ATM 
protocol 
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13. A subscriber device arranged so as to receive one or 
more of a specific subset of' wavelengths, each of the 
wavelengths of the subset for the subscriber device 
remaining fixed, and being chosen from a total number (N) 
of wavelengths and each subscriber device being arranged 
to communicate over any one or more of the subset of 
wavelengths . 

14. A subscriber device according to claim 13 wherein 
the subset of wavelengths are chosen for each subscriber 
device such that different subscriber devices have a 
different combination of wavelengths in their respective 
subset, wherein more than one subscriber device is 
arranged to receive a certain common wavelength. 

15. A subscriber device according to claim 13 or 14 
which is arranged to receive the subset of common 
wavelengths -,by providing a corresponding plurality (Q) of 
fixed wavelength filters, each corresponding to one of 
the common wavelengths used in the multiplexing. 

16. A communications network comprising a plurality of 
optical subscriber devices according to any of claims 13- 
15, wherein each optical subscriber device is arranged :o 
transmit service requests to a controller, and is further 
arranged to communicate over any one or more of the 
subset of wavelengths, upon notification of allocation, of 
corresponding bandwidth on the one or more wavelength ^ . 
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17 . A communications network according to claim 16 
wherein the subset for each subscriber device is 
different from subsets for other subscriber devices. 

18. A communications network according to claim 17 
wherein each subscriber device is arranged so as to 
receive a unique subset of wavelengths. 

19. A communications network according to any of claims 
16-18 wherein the maximum number (Q) of wavelengths in 
each subset is one half the total number (N) of 
wavelengths available in the system, to the nearest 
integer . 

20. A communications network according to any of claims 
16-19 further comprising a central office arranged to : 

- transmit and receive information over a number (N) 

of wavelengths; 

receive service requests from individual 

subscriber devices; 

- determine which of the wavelengths are comprised 
within the subset of wavelengths for that subscriber; 

- assign bandwidth required for the requested 
service on one or more of the subset of wavelengths for 
that subscriber ; 

- inform the subscriber device accordingly; and to 

- provide the requested service on the allocated 
bandwidth. 

21. A communications network according to any of claims 
16-20 arranged such that. if none of the subset of 



wavelengths has sufficient bandwidth, services already 
being provided on the subset of wavelengths are re- 
arranged to collect sufficient available bandwidth onto 
one or more of the subset of wavelengths, and allocating 
the collected available bandwidth to the subscriber, for 
provision of the service. 

22 . A communications network according to any of claims 
16-20 arranged such that, if none of the wavelengths of 
the subset of wavelengths contains sufficient . bandwidth 
to accommodate the requested service, the requested 
service is not provided. 

23. A. communications network according to any of claims 
16-22 wherein the wavelengths are optical wavelengths, 
and the communication takes place over an optical fibre 
subscriber network. 

24. An optical fibre subscriber network comprising: 

a central office for allocating a unique 
combination of optical wavelengths to a subscriber upon 
receipt of a service request signal from said subscriber, 
WDM (Wavelength Division Multiplexing) multiplexing 
service requested information together with said combined 
optical wavelength, and transmitting the WDM multiplexed 
optical wavelength through an optical fibre; and 

a plurality of optical subscriber devices for 
optically distributing, filtering and combining said WDM 
multiplexed optical signals received through the optical 
fibre to select optical wavelengths allocated thereto and 
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i-v,« selected optical wavelengths to 
outputting the sexeccea v 



corre 



spending subscriber terminals- 



25 The optical fibre subscriber network as claimed in 
5 claim 24, wherein said central office comprises: 

. an exchange for allocating a combination of the 
wavelengths to a subscriber upon rece.pt of the service 
request signal from said subscriber; 

_ a plurality of optical transmitters for converting 
10 electric signals output from said exchange to optxeal 
signals of unique wavelengths ; 

. a WDM multiplexer for multiplexing the optxeal 
signals output from said optical transmitters and 
transmitting the multiplexed optical signals to the 

15 optical fibre; and 

- an optical amplifier for amplifying the output of 
the said WDM multiplexer to compensate for transmission 
loss of the multiplexed optical signals being transmitted 
to the subscriber through the optical fibre. 

20 26 The optical fibre subscriber network as claimed in 
claim 24 or claim 25, further comprising a plurality of 
optical distributors placed on said optical fibre 
intervening between said central office and said optical 
25 subscriber devices, for distributing the optical signals 
output from said central office according to construction 
of a service requested network. 

27 The optical fibre subscriber device as claimed in 
30 any of claims -24-26, further comprising an optical 
amplifier placed on said optical fibre intervening 
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between said central office and said optical subscriber 
devices, for compensating for distribution loss of the 
optical signals due to said optical distributors. 

5 28. An optical fibre subscriber device comprising: 

- an optical distributor for distributing the WDM 
multiplexed optical signals received through an incoming 
optical fibre to Q internal optical fibres; 

- a fixed optical fibre for filtering a wavelength 
10 group allocated thereto out of the WDM multiplexed 

optical signals to receive an optical wavelength group 
pre-allocated in said central office; 

- an optical receiver module connected to an output 
of said fixed optical filter, for converting the optic 

15 signals output from said fixed optical filter to electric 
signals ; 

- a concentrator for switching and concentrating an 
output of said optical receiver module «to multimedia 
terminals connected to output ports of ■ said optical 

2 0 subscriber device; and 

- an electronic signal converter for converting an 
output of said concentrator so as to connect the 
multimedia terminals to said concentrator. 

2 5 29. A network or a subscriber device according to any of 
claims 13-28 wherein the wavelengths are optical 
wavelengths, and the communication takes place over an 
optical fibre subscriber network. 

30 30. A network or a subscriber device according to any of 
claims 13-29 wherein information is carried on each of 



che wavelengths by an ATM ( asynchronous transfer mode) or 
packet switch protocol. 

31 A communications system substantially as described 
and/or as illustrated in Figs. 4-6 o£ the accompanying 

drawings . 

32 A subscriber device substantially as described 

j . tr-i^o 4-6 of the accompanying 
and/or as illustrated in Figs. 4 6 o 

drawings . 

33 „ method o£ wavelength division multiplex 

-„h«r»ntiallv as described and/or as 
communication substantially 

illustrated in Figs. 4-s of the accompanying drawings. 
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